measurement errors is necessary to be proposal which is more accurate and reasonable than necessary to find the principle of path dependence from complexity theory, which has the non-linearity and the impact of protective structures.
In this paper, we reviewed the research on the mechanism of MTA. HFACS provides a new 
163
HFACS describes human error at each of four levels: the actions of the operators (e.g.,
164
bench-level scientists and field investigators in forensics); the preconditions for those actions
165
(i.e., the conditions that influence human behavior); the middle management (i.e., the 166 individuals whose role it is to assign work); and the organization itself (Shappell, et al. 2000) . In Table 1 (Category II   172 factors was described as Xi,i=1,2,...17) . Here the original framework and structure proposed by Based on CREAM and the theoretical basis for HFACS, a human structural cheese model can be constructed for a marine traffic accident. As shown in Figure 1 , the following hypotheses were made: Hypothesis H1: SL3 has a significant effect on SL4; Hypothesis H2: SL2 has a significant effect on SL3;
179
Hypothesis H3: SL1 has a significant effect on SL2.
180
The quantitative relationship among human factors in maritime transportation is discussed 181 thereafter. 
182

X1
Resource Management
Ship resource allocation, the allocation of ship resources, including operators, equipment and facilities, information support and monitoring, embodied in the suitability of personnel, the seaworthiness of the ship, and the suitability and effectiveness of external supporter.
X2 Organizational Climate
The organizational climate can be shown that influence employees' events, activities, and procedures, as well as those that may be rewarded, supported, and expected. It can be divided into employees' internal perceptions and team climates
X3 Process Safety Control
Process safety refers to how to prevent accidental loss of control and possible traffic accidents caused by installations and facilities during navigation, berthing and operation process, resulting in damage to employees and ships, environmental damage and property loss. . 
X4
X17
Accident Consequence
Degree of the consequences of the accident, including near miss
Relationship of causal factors in MTA
200
The relationship of factors has many pieces. When studying the correlation of human factors in 201 the causes of MTA, the following aspects are mainly considered:
202
(1) Positive or negative factors of the correlation coefficient
203
If the correlation coefficient is positive, there is a positive correlation of the factors; if the 204 correlation coefficient is negative, then there is a negative correlation of the factors.
205
(2) Scale of the correlation coefficient
206
For correlation coefficient, the greater the absolute value, the stronger the correlation of the 207 factors is; if the minimum value is 0, at that time, in general, the factors do not depend on each other.
208
(3) Rank in Correlation of factors
209
The interaction of factors is reflected in the relationship of the factors, so some are directly 
220
The occurrence of complex system safety incidents is not caused by a single risk factor, but is 
258
we propose the strong and weak associated path of accident cause to quantitatively describe the 259 mechanism of the accident.
260
The purpose of this paper is to find the path to the causes of the accident by finding the 
293
The structural model is shown in Figure 3 .
295
Figure 3 The structural model
296
The 
319
combining with the SEM hypothesis model and algorithm to apply to the model.
Accident sample scale
Taking the human error in the area of MTA as the research object, a total of 894 samples of accidents were introduced. X17"Accident" as an observation variable is used to examine the effects of consequences scores, as shown in Table 3 . 
334
As to HFACS, human factors are those factors related to people in the operation of the system.
335
Human factors are beneficial to the safety side (such as people exert their own ingenuity, overcome 336 the adverse effects of mechanical equipment or harsh environment, etc.), but also can have a 337 negative effect. As a research object of human factors in MTA, the negative impact on human safety 338 due to human factors, namely Human Error was more important. The detailed information about 339 the observed characters in accident reports were structured and formatted(also shown in Table 2 ).
Each sample analysis for the causes of the accident is based on observed characters items, such 
358
(1) Management items: maritime administration limit, company management limit;
(2) Natural items: natural disasters, poor visibility, wind, tides, surges;
Second, the score of the xi(i=1,2,...16) accident causal factors depends on the minimum score 391 among the corresponding observed characters collected. As to the case statemented above, those 3 392 observed characters involved "Inadequate Supervision" were numerical analyse, and the lowest 393 score is measured as 1, which means "directly". Therefore, x4"Inadequate Supervision" is measured 394 as 1. All the structured observed characters in accident reports were formatted to numerical analysis 395 data. The tested data statistics are shown in Table 4 .
396 Table 4 Tested data from accident database
397
Case No   ：  X1  X2  X3  X4  X5  X6  X7  X8  X9  X10  X11  X12  X13  X14  X15  X16 Figure 6 ) depends on the corresponding minimum score among the 400 accident factors collected.
401
In addition to the correlation of factors in different MTAs, the impact of different factors on the
402
consequences of the MTA is also analyzed. Therefore, the observation variable "Accident 
426
In general, if the CA is greater than 0.7, this indicates that the data has good reliability. When 427 the CA is below 0.7, the entries in the data may represent different dimensions and need to be 428 filtered.
429
The results show that after deleting some of the items, the check coefficient values of the 430 observed variables are all above 0.7, and the overall reliability value reaches 0.797, indicating that 431 this figure has good reliability.
432
Data statistics are shown in Tab 4, which is shown mean and standard variation of each 433 variable.
434
Since the modified model used in this paper has some differences with the theory, it is 435 necessary to test the sensitivity of the model in order to verify whether the modified model used in 436 this paper is applicable to different types and sizes.
437
The critical ratio (C.R.) is used to test the significance of evaluation of the parameter in the 438 model (Crowley and Fan, 1997) . The critical ratio is the proportion of the evaluation of the parameter 439 estimate to its standard deviation. When the significance level is 0.05, it means that the parameter evaluation is not equal to 0 significantly, and the null hypothesis can be rejected if the absolute value 441 of C.R. is greater than 1.96. The calculation results are presented in Table 5 . The goodness-of-fit index of the amended model was shown in Table 6 . From Tables 5 and 6 , it
442
444
is shown that the goodness-of-fit index of the model meets the criteria, indicating that the model and
445
the data fit well. 
446
463
There are some differences between the model results and HFAC-MTA in the corresponding 464 relationship of the Category I factors and Category II factors, as presented in Table 7 . Table 7 shows that:
465
467
(1) Organizational factors SL4 are not only related to the three types of human factors in the 468 theory, but also related to the Natural Environment.
469
(2) There is no significant correlation between Unsafe Supervision SL3 and Unsuitable
470
Execution Plan in HFACS theory, but there is a correlation with Slip. 
528
Inadequate Supervision, and Preconditions for Unsafe Acts, and finally passed on to Unsafe Acts.
529
The mutual influences in factors of the accident causes are obviously different. 
547
We also see that, to study the safety problems of the complex marine traffic system, it constructs 548 a theoretical model of a complex system and proposes an accident cause structural hypothesis.
549
Appropriate algorithms for the theoretical human-machine-control model can be used to 550 understand the safety performance of marine traffic systems under different parameters through 551 mathematical analysis. Combined with big data ideas and intelligent prediction theory, it provides 552 an important basis for risk pre-warning and accident prevention. This will be a problem that will 553 require further research. 
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